base rate of one to five species per year to be 1,000 to 10,000 times higher [1] . The World Wildlife Fund makes the shocking prediction that the wildlife population in 2020 will be 67 percent less than it was in 1970 [2] .
But what can we do about it? While this topic may not seem relevant to HCI specialists, it presents compelling challenges for HCI research, practice, and education, and for raising awareness. By encouraging more citizen volunteers to become involved in collecting biodiversity data using welldesigned technology, we can help save species and their habitats. These efforts will also protect and enrich the lives of us humans. By accepting our role in tackling wicked problems like habitat loss and using our design methodologies What are some of your happiest memories of being in nature? Perhaps, as a kid, you watched swallows skimming over a glistening lake or skimmers by the sea? Or maybe one summer you found a tiny humming bird's nest in an elderly relative's backyard? Whatever precious memories you have, stop for a moment and ask yourself: What if your children and grandchildren won't have aweinspiring experiences like these? How would you feel?
The populations of many plant and animal species are shrinking or going extinct at an alarming rate because of habitat loss, pollution, and climate change (Sidebar 1). According to the Center for Biodiversity, the rate of extinction has risen from the estimated
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analyze, and disseminate huge amounts of data more quickly than ever. Smartphones are particularly potent data-collection and sharing devices that are being used in many citizenscience projects. However, even though citizen science is becoming more well known, HCI specialists have played a surprisingly small role in the design and use of technologies in citizenscience projects and communities (Sidebar 3). But with HCI knowhow, smartphones can be even more effective tools for citizen science. While there are some large projects that engage millions of volunteers (Sidebar 4), there are also thousands of small projects with limited resources for technical development. Many of these small projects are doing important scientific work for research, advocacy, and conservation, and would benefit from HCI expertise, particularly userexperience (UX) design knowledge.
WHAT CAN HCI SPECIALISTS DO TO HELP?
As the functionality and robustness of smartphones increase with each new launch, there will be new design challenges and opportunities for HCI specialists. Games and gamificationthe inclusion of gaming elements into apps-are hot topics. Citizenscience community development is another important research area where HCI knowledge and skills could be helpful. More computationally intense methods such as sentiment analysis, machine learning, and machine vision are also being explored. In addition, we need to keep hold of the basics: Who are the users, what will they do with the technology, and where will they do it? These and other issues are described below.
Different users with different needs. Technology that supports the needs of different types of volunteers will help to broaden participation in citizen science. Currently, the majority of citizen-science volunteers are middle-aged, middle-income, educated white people [7] (Figure 2 ). Some projects also appear to attract more women than men. More diversity among volunteers would potentially increase the effectiveness of citizen science as well as raise awareness.
People differ in their technolog y needs. More and more, citizens of all ages are demanding well-designed (Sidebar 2). This increase in smartphone ownership paves the way for more citizens to be involved in data collection, provided they have well-designed apps and websites.
Recording biodiversity data is important because it enables scientists to examine the well-being of animal and plant populations. Using this data, scientists can investigate how these populations react to habitat loss and climate change. Typically, biodiversity data collected using smartphones can include photos, comments, numerical data, video, and sound, together with metadata (e.g., time, date, and geolocation logging). Many strategies are used to entice the public to contribute, but there is potential for HCI specialists to do much more. In this article, I describe the role of technology in biodiversity citizen science and suggest ways that HCI specialists can become more involved.
CITIZEN SCIENCE
Millions of people across the world are eagerly joining projects as partners with scientists to collect, analyze, document, and archive scientific data and plan projects-a process known as citizen science [6] (Figure 1 ). But citizen science is not new; it has existed in various forms for a long time. For example, Darwin was an early citizen scientist, and annual bird counts have been conducted in North America, Britain, and Europe for decades.
What is new for citizen science today is that digital technologies enable human crowdsourcers to collect, to support saving species, we make HCI design even more relevant than ever. Design methods that increase participants' sense of ownership and responsibility, such as research through design [3] and crowdsourcing design with technology users [4] technology. For example, reports indicate that millennials-the generation that grew up with home computers and the Internet-are less likely to question their own abilities when they encounter tech problems [8] .
Unlike their parents and baby boomer grandparents, many millennials tend to assume that technology should work, and if it doesn't, then the fault lies with the designers, not with them. In contrast, some older volunteers prefer to use paper data-collection sheets. Typically, project leaders or other volunteers then transcribe this data so it can be recorded in a database.
Social engagement. Research indicates that volunteers are drawn to biodiversity citizen science by their enthusiasm and personal interest in nature. They want to learn more and to contribute to local, national, and international projects. Volunteers' reasons for long-term involvement differ somewhat from their reasons for initially joining. A sense of community paired with interaction and feedback from scientists are all strong motivators for continuing involvement in a project. Being acknowledged and appreciated by scientists is also a key ingredient for long-term volunteer participation. Return contributors play a big role in helping to develop communities of members that support each other [9] . In addition, return participants generally become more prof icient in collecting data, which helps to ensure data quality. HCI specialists have the skills to develop technology and tasks that encourage longterm volunteer engagement and community development.
Taking and sharing pictures is fun! Smartphone manufacturers are especially eager to improve the cameras on their phones, because they know how much users enjoy sharing pictures. Better functionality is extending what citizenscience projects can do with smartphone cameras. For example, underwater photography with smartphones is becoming a hot topic (Sidebar 5).
Billions of pictures stream across the Internet and cellular networks every day. Some of these pictures are en route to citizen-science project sites; others go to social media networks like Facebook, Instagram, Flickr, and Twitter, where HCI specialists with expertise in machine vision and visual search can then extract them. These pictures can then be reviewed for inclusion in aggregator sites like the Encyclopedia of Life (eol.org), a large repository for documenting biological diversity. Further, important data may be captured accidentally. A similar argument is discussed below regarding the capture of serendipitous pictures by Pokémon GO players.
Experts in photography may also provide tips to help volunteers improve the quality of their photos for citizen science. Similarly, information specialists can aid in the design of species guides (Sidebar 6).
The use of low-cost, easy-to-use attachments for taking pictures through telescopes has been common practice among birders for years, but there may be opportunities to improve the design of such attachments. Similarly, researchers are exploring the development of inexpensive macro lenses, which resemble contact lenses and fit over smartphone cameras.
Taking and sharing pictures is fun, but being in nature has calming and emotionally grounding benefits, as discussed by Richard Coyne in his 2014 Interactions cover story [10] . Just watching nature films is known to have a calming effect. Wildlife films may attract wildlife enthusiasts to contribute to citizen science or to become ecotourists, who pay to contribute to citizen-science projects when they take vacations in exotic locations. Challenges and competitions are fun for some but not for others. Games and gamification can be enticing for volunteers, and they are interesting research topics for some HCI researchers. (Sidebar 7 contains examples of citizen-science games.) Opinions about how much citizenscience volunteers like gaming run the gamut. Some volunteers don't want to be distracted from the topic by games, while others enjoy being challenged [11] .
Regardless of where you fall on the hate-love spectrum of citizen-science games, most of us were intrigued by the Pokémon GO craze that swept North America and Europe last summer. A July editorial in the science journal Nature published at the height of Pokémon GO mania noted that "millions of people have spent the past week walking around. Ostensibly they are playing Pokémon GO and hunting for critters in an augmented 'reality world' … but they are spotting other wildlife too" [12] . Like the Nature editorial author, scientists were quick to realize that games like Pokémon GO might serendipitously pave the way for new participants to become citizen scientists. Pictures snapped by Pokémon GO players could, by chance, harbor evidence of newly discovered species previously unknown to science. They might also provide evidence of the presence of certain organisms in new areas where they were previously not seen. This in turn might signal evidence of climate change.
Increasingly, app developers are including game attributes in their designs. Gamifying apps add challenge and competition while also retaining the core element of a project's scientific mission. For example, iNaturalist.org motivates contributors by challenging them to get a place on the project's leaderboard (Sidebar 4). The thrill of being listed as one of the top 500 contributors is captivating for some participants. Currently, the person in first position has contributed more than 45,000 observations of almost 6,000 different species. In contrast, the volunteer in the 500th position contributed 1,220 observations of 629 species, which is still pretty impressive! Getting listed on this board requires hard work and is no easy feat. iNaturalist also has other leaderboards that rank contributors over different Science requires quality data, so research is needed about how games and gamified apps affect data quality. How, for example, does the quality of data collected in iNaturalist compare with that collected in iSpot, which does not have leaderboards and instead encourages contributors to earn explicit reputation badges? iSpot badges are determined and awarded by clever algorithms based on the following attributes: the number of observations a volunteer submits, the amount she helps other participants to identify the organisms that they 5 
WATER-RESISTANT SMARTPHONES: A PATHWAY TO UNDERWATER PHOTOGRAPHY
Manufacturers of several smartphone brands boast that their phones can now be submerged for 30 minutes or more. Apple says the "iPhone 7 dramatically improves the most important aspects of the iPhone experience. It introduces advanced new camera systems. The best performance and battery life ever in an iPhone … Splash and water resistance" (http://www. apple.com/ca/iphone-7/). The ability to photograph without concern for splashes means that citizen-science volunteers can make more observations in and near water without worrying about damaging their phones.
Waterproof casing has been developed to encourage underwater photography at shallow depths; YouTube videos share best practices. For those who want to be especially careful, there is even a YouTube video that painstakingly demonstrates how to wrap a smartphone in plastic wrap to keep water out! These developments might open up opportunities for HCI developers, especially those working in maker labs, who are interested in exploring ways of using smartphones for underwater photography and other kinds of data recording. 6 
PHOTO-TAKING AND INFORMATION DESIGN KNOW-HOW
HCI specialists can develop tutorials and other techniques to assist volunteers in taking better photos; for example, by providing advice on avoiding obvious pitfalls like taking pictures into the sun or in heavy shadow. Similarly, explaining the value of taking bursts of pictures of moving subjects, as well as of shooting from different angles, can train volunteers to collect more useful data. The extra detail contained in these pictures can be helpful for identifying species. Encouraging volunteers to use video so that sound is available to identify birds is also useful. Several large citizen-science projects, such as iNaturalist.org and eBird.org, already offer tutorials, but projects with limited resources might appreciate input from HCI and information specialists.
Increasingly, species-identification guides are provided by large projects like iNaturalist. Smaller, under-resourced projects might appreciate help from information design specialists and with usability testing, or with finding links to other useful resources. These activities might make good class projects for beginning HCI students while also benefiting the citizen-science projects. Organizing such activities would require the HCI professor to make contact with citizen project leaders, which might also lead to important long-term relationships.
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One reason that sensors have not yet been widely used in citizen science is that the locations where they would be most useful are often out of range for Wi-Fi and cellular networks. However, in addition to research on improvements to these networks, some researchers have found shortterm workarounds to alleviate this problem. For example, human-relay systems require citizen scientists, in collaboration with scientists, to carry their phone data from their project sites to access points, where the data can be uploaded to another system. This uploading process occurs via specially developed middleware [14] . Sense-it (Sidebar 8) adopts another approach. It works outside of Wi-Fi and cellular network ranges, and then the network and phone sync when back in range. Further research is needed to find other long-term solutions to this problem.
Another exciting citizen-science opportunity is to link a broader range of sensors to mobile devices by Bluetooth for monitoring water quality or atmospheric pollution, or to link with citizen weather stations and monitoring posts (e.g., wxqa.com). HCI researchers have a role in improving the quality of citizen-provided sensor data by removing gross errors and correcting instrument bias [15] .
The sensors on smartphones could also act as controllers for other devices, such as drones. Even though there are ethical and political concerns about using drones stemming from the military's use of them for surveillance, drones are valuable for recording pictures and related data in places that are otherwise difficult to access. For example, drones can be used for examining vegetation changes in heavily forested areas like the Amazon basin, and for tracking elephants and poachers across vast areas of savannah. There is a role for HCI researchers interested in the privacy issues associated with using drones in citizen science and in other types of data collection using technology [16] .
MOVING FORWARD
This article began with pessimistic news about the plight of species and the impact of climate change, but find, the level of her formal training in ecologically related courses, and her status within the iSpot community [13] (Sidebar 4).
Smartphones with sensing devices. Sensors are used extensively in environmental science for monitoring air and water quality, noise, sound, and vibrations, but they are underexplored in citizen science. This is starting to change and will continue to do so as sensor technology, smartphone battery life, and Wi-Fi and cellular networks improve. • motion sensors that measure acceleration and rotation using a three-axis coordinate system • environmental sensors that measure ambient conditions such as changes in light, temperature, pH, etc.
• position sensors that measure physical location, such as GPS and the proximity of objects • body sensors that measure heart rate and fingerprints, etc. The British Open University's citizen-inquiry research project provides an example of how sensors are used by school-age students to explore science phenomena. Some examples of the students' projects include using sensors to record sunlight, noise levels, and barometric pressure at different locations. They then relate their findings to other phenomena such as bird behavior and changes in the weather. These projects require an Android app called Sense-it, available at Google Play (play.google.com/store/apps/ details?id=org.greengin.sciencetoolkit). This app contains a toolkit for citizen-science inquiry-based science learning that allows participants to explore, record, and share data. A website, nquire-it.org, offers suggestions of missions that can be investigated using Sense-it. Teachers and individuals can also develop their own missions.
Sense-it explore and record screens. the future could be more optimistic. The Paris Climate Accord represents a significant step by nearly 200 countries toward mitigating the worst impacts of climate change. It encourages countries to take action to prevent global warming from rising more than 2.0˚C/3.6˚F above pre-Industrial Age temperatures. HCI specialists, along with others in the general public, can strive to ensure that all the countries involved in the Paris Climate Accord honor their commitments. Our engagement and political awareness is needed to make this happen. By working collaboratively with citizen-science projects throughout the world to co-create knowledge and design technology, we can all become better informed. For those new to citizen science, Sidebar 9 offers a few suggestions for getting started.
We HCI specialists have a duty to use our skills and knowledge to steer technology design, development, and usage to help save the species with which we share planet Earth. In doing so, we will help to ensure a safe, enriching, and awe-inspiring natural environment for our children and grandchildren. Collaborating with scientists and joining citizen-science projects is one way to help achieve these goals. 
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